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Errata 

On page 130, 65, 536 = 64k 

and not 24K. 

On page 139, the caption for 

figure 4 should read ‘the basic 
circuit arrangement of a DCTL 

NOR gate’. 

On page 140, the voltage at X 

when |, is conducting is 2.1 V 

and not2.8V. 

On page 141, figure 7, point X 

is at the point marked between 

T, and the 4 kQ) resistor. 

On page 142, figure 8, point X 

is at the point marked above 

the 1.18 kQ resistor. 

On page 144, the input voltage 

is greater than V,, and not the 
output voltage. 

On page 146, the p-channel 
transistor referred to in figure 
_\/is |,andnot|l, 
On page 153, the power 
formula should read P = Vx| 
not P = V x 1; and the quantity 
of heat produced ina 
conductor of resistance R, 
equals R x |? x tand not Rx 17 
xL 














( continued from part 11) 


The output characteristics show how the 
collector current, Ic, varies with the 
change in the collector emitter voltage, 
Vcr, at different preset base currents. 

Once again, it is useful to see how the 
collector characteristics are derived. Figure 
3b shows the collector characteristics 
which are positively biased and are thus 
shown in the first quadrant of a graph. 
When the base current is zero, a small 
collector current will flow, which is known 
as the common emitter reverse saturation 
current IcFo (the subscript ‘O’ stands for 
open circuit). This is due to the reverse 
saturation of the collector-base junction. 
The magnitude of this current will be 
discussed later in the chapter. The second 
curve is drawn with a base current of 50 
mA. 

We have seen that when the transis- 
tor is in common emitter mode, there is a 
current gain of B between the base and 
the collector. For the transistor under 
consideration, « is 0.975 and B is almost 
equal to 40. So, when the base current is 
increased by 50 pA, the collector current 
will increase by 40 x 50 wA = 2 mA. If the 
base current is taken as constant (e.g. Ip = 
90 pA), the curve marked Ip= 50 pA in 
figure 3b shows how the collector current 
changes with the variation in the collector 
emitter voltage. 

Stepped increases in the base current 
of 50 pA gives the family of curves shown 
in figure 3b. The emitter output character- 
istics are similar to those for the common 
base connection, except that there is now a 
more marked incline in the current curves. 
This is because the variation of the collec- 
tor voltage has an effect which is similar to 
a very small reduction of the width of the 
base between emitter and collector and 
thus, as the collector voltage increases, the 
current will similarly increase slightly. 

Another interesting observation is 
that the collector current drops to zero 
when the collector emitter voltage is zero. 
Since the collector is at the same potential 
as the emitter, the collector-base junction 
will be forward biased like the emitter 
junction. This means that the flow of 
minority carriers from the base region 
across the collector junction will stop. 
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The use of characteristic 
curves 


The choice of transistor for a specific 
application is determined by operating 
parameters of the device. Most of this 
information can be read from the device’s 
characteristic curves; the remainder 
being available in table form. Although 
information is given for a particular set of 
operating conditions, it is possible to deter- 
mine the values of the parameters for any 
operating condition. We shall look at some 
examples taken from figures 2 and 3. 





Current gain 

Suppose that the current gain of the 
transistor in figure 3 is not known, and that 
you want to find it’s value when Vcr = 10 
V andI = 4mA. Following the Veg = 10 V 
line vertically up the graph of figure 3b 
enables the value of the collector current 
for each base current variation to be read: 
with a base current of 50 pA, the collector 
current is 2 mA; when the base current is 
150 pA, the collector current is 6.2 mA. 
We can therefore see that a variation of 
100 pA in the base current brings about a 
variation of 4.2 mA in the collector current: 
so the current gain is 42 (4.2 mA + 100 
pA). Comparing the previously defined 
current gain for this transistor, 40, with this 
new value shows us that it is correct. 

The current transfer values are some- 
times shown in transfer characteristic 
curves. Using the transfer characteristic 
curve shown in figure 4a, where the 
collector current is a function of the base 
current, it is possible to deduce the gain at 
any collector current level. For example, if 
the current gain is required at a collector 
current of 6 mA, the corresponding base 
current is about 150 pA: so the current 
gain is 40 (6 mA ~ 150 pA), which we 
know to be correct. 

The hybrid transfer characteristic is a 
curve which is used more often. In this 
case, the collector current is shown as a 
function of the base emitter voltage (figure 
4b). This hybrid transfer characteristic _ 
curve is particularly useful for applications 
where the transistor’s base voltage is 
varied to cause a change in the collector 
current. 
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Input and output 
resistances 





Transistors are often used to amplify small 
variable signals which cause a small 
change in the fixed value of the current 
that circulates in the transistor. The resist- 
ance of this small change will be given by 
the gradient of the voltage/current graph 
taken at the static operating point. This is 
known as the dynamic resistance. 

The static resistance, on the other 
hand, is represented by the gradient of the 
line which joins the operating point to the 
origin. This is important to know when 
establishing the static conditions of a tran- 
sistor, and when the transistor is used for 
switching between different currents. 

The dynamic resistance that a transis- 
tor presents at its input and output must be 
known in order to determine its approp- 
riateness for an amplifying circuit. These 
values will be given by the gradients of the 
input and output characteristics at the static 
operating point. 

For example, let’s determine the in- 
put and output resistances for the transistor 
whose characteristics are shown in figure 2. 
The transistor is working with a continuous 
collector voltage of 10 V and a continuous 
collector current of 8 mA. First we will have 
to calculate the input resistance. The gra- 
dient of the input characteristic (figure 2a) 
at 8 mA is 0.01 V divided by 4 mA. This 
Gives us an input resistance of 25 Q. 

The common base output resistance 
is difficult to evaluate accurately from the 
curves in figure 2b, because the gradient is 
too small. However, for the purpose of this 
example we can estimate the gradient at 
10 Vand 8 mA. You will see that a 
variation of 10 V corresponds to a differ- 
ence of 0.01 mA. By Ohm’s law, this gives 
us acommon base output resistance of 
1 MQ. | 

Now look at the common emitter 
characteristics in figure 3. You can see that 
the gradient of the collector characteristic 
at the desired point is 10 V divided by 0.2 
mA. This gives an output resistance of 50 
kQ. A collector current of 4 mA will be 
produced by a base current of 100 pA. 
The common emitter input resistance will 
be equal to the gradient of the input curve 
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at the base current of 100 pA. This is 0.1 V 
divided by 50 wA which gives 2 kQ. 

These examples show that when a 
transistor is connected in common base 
mode, it has an extremely low input 
resistances(25 () and an extremely high 
output resistance (1 MQ). The common 
emitter arrangement, on the other hand, 
presents a higher input resistance (2 kQ) 
and a lower output resistance (50 kQ). The 
transistor configuration that is most suited 
to a particular use can thus be chosen. 


The effects of temperature variation 
Collector reverse saturation current, Icgo, 
was mentioned during the discussion of the 
common base connection. In p-n-p transis- 
tors, Icg0 flows into the base connection 
like a negative base current, —Icgo. Re- 
member, the + or — sign indicates the 
direction of current flow. 

Common emitter reverse saturation 
current, IcEo, indicates the leakage current 
from the collector to the emitter with the 
base circuit open. A current, +Icg0, upon 
entering the base will neutralize —Icgo. 
The current +Icgo will be amplified by the 
transistor’s current gain, B, giving a collec- 
tor current of B x Icgo. The common 
emitter reverse saturation current there- 
fore, is linked to the common base reverse 
saturation current by the expression: 

lceo = B X IcBo 

Since Icgo is very small, IcE6 will also 

be small, but both currents will increase 


4. Transfer 
characteristic curves for 
(a) current transfer; (b) 
hybrid transfer. 


9. Variations in the 
reverse saturation 
currents of low power 
silicon and germanium 
transistors. 


6. Temperature effects 
on common-emitter 
output characteristics: the 
solid line at 20 °C; the 
broken line at 100 °C. 





common 
emitter 


Silicon — 
common emitter 
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exponentially with an increase in tempera- 
ture. In germanium transistors these cur- 
rents approximately double for every 9 *e 
rise in temperature. In silicon transistors — 
they double for each 11 °C increase. | 
Figure 5 shows the variation in the reverse 
saturation currents of low power silicon — 
and germanium transistors. Although the 
common emitter reverse saturation cur- 
rent, Icgo, of a germanium transistor at free 
air temperature (20 °C) is only approx-  __ 
imately 50 pA, there will be an increase of 
up to 2 mA at 75 °C. In silicon transistors, 
IcEQ at free air temperature is much lower 
(approximately 100 nA), rising to 2 mA at 
a temperature of about 200 °C. | 
This is one reason why silicon transis- 
tors are almost always used in preference 
to germanium transistors; in fact, germa- 
nium transistors are now almost obsolete. 
Temperature variation also hasa 
considerable effect on a transistor’s com- 
mon emitter current transfer ratio, B. This 
effect can be seen on a transistor’s family 
of collector characteristics if measurements 
are taken at different temperatures. The 
solid curves of figure 6 indicate typical _ 
common emitter output characteristics at a 
temperature of 20 °C, while the broken line 
curves show the characteristic at 100 °C. As 
you can see, the curves are shifted up- 
wards and are further apart. 


Frequency characteristics 
If an alternating signalisappliedtoa 
transistor as input, and the frequency is 
increased, the output level remains con- 
stant at first and then drops. There are two 
reasons for this. | 
The first is that the current amplifica- 
tion is reduced. After the minority carriers 
have been emitted, they take a finite time 
to spread across the base region from the 
emitter to the collector. This is known as 
the transit time and is proportional to the 
width of the base region. If the transit time 
is comparable with the periodofthe 
applied alternating signal, the output will 
be reduced. The typicalshape ofthe 
frequency characteristic is reproduced in 
figure 7 and shows the common emitter 
current transfer ratio as a function of the 
frequency. The cut-off frequency, fg, is - 
indicated, and this is the point at which B 
drops to about 0.7 times its original low — 
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frequency value. Cut-off frequencies of 10 
MHz are common in general purpose 
transistors, but specially manufactured 
transistors can have cut-off frequencies of 
up to 2000 MHz. This makes them suitable 
for use in very high frequency circuits. 

The second reason for the decrease 
in output is that the impedance of the 
capacitance of the collector junction also 
diminishes. The effect of the collector 
capacitance is to short-circuit the collector 
junction with a low impedance at high 
frequencies and so decrease the voltage 
amplification. 

As the capacitance is proportional to 
the area of the junction, this effect can be 
lessened by reducing the area of the 
collector junction. 





7. Frequency 
characteristic curve 
showing the common- 
emitter current transfer 
ratio as a function of the 
frequency. 


Left: printed circuit 
board. Note the two 
transistors with heat sinks 
(the black ‘frilled’ 


edging). 


Tony Stone Associates 
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Maximum ratings of 
semiconductor devices 


Maximum ratings are those limits of a 
component's operating conditions, beyond 
which permanent damage or breakdown is 
caused by operation at too high a voltage 
or by overheating. The conditions that 
must be specified for any transistor are the 
maximum rating of the collector reverse 
voltage, the reverse voltage of the emitter, 
the collector current, power handling and 
the temperature of the collector junction, 





The maximum reverse 

voltage of the collector 

In an earlier chapter we saw that if the 
reverse voltage applied to a p-n junction 
exceeds certain limits, the phenomenon of 
avalanche breakdown occurs, i.e. the re- 
verse current will increase rapidly for even 
a small rise in voltage, generating heat and 
leading to the possible loss of the device. 

The breakdown voltage of a transistor 
is measured by applying and increasing a 
reverse voltage until a predetermined rise 
in current is reached — the rise indicating 
the beginning of avalanche breakdown. 
The reverse voltage rating is therefore set 
below this limit, to ensure that the device 
does not operate in the breakdown region. 

Transistors are given a collector 
breakdown voltage for the common base 
and common emitter configurations. The 
common base breakdown voltage, 
VBR)cBO; is essentially that of the collector 
junction, and is the breakdown voltage 
between the collector and the base when 
the emitter circuit is open. 

Since the common emitter reverse 
saturation current, Icgo, is greater than that 
for the common base connection, avalan- 
che breakdown occurs at a lower voltage. 
This means that the common emitter 
breakdown voltage Vgryceo is lower than 
V (BR)CBO- Remember, V(BR)CEO is the vol- 
tage between the collector and the emitter, 
with the base circuit open. . 

The relationship between the two 
breakdown voltages depends on the type 
of transistor under consideration. This is 
because the breakdown voltage is depen- 
dent on the concentration of carriers in the 
collector and the base, and the amount of 
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current gain a device possesses. 


Maximum collector current 

Generally speaking, the collector current of 
a transistor is not limited by its current 
carriers, but depends on the maximum 
power level. 


Maximum emitter reverse voltage 
The emitter junction normally works with a 
direct bias, but reverse bias of the junction 
is useful when the collector current is to be 
blocked. By applying a reverse voltage to 
the emitter base junction, the collector 
current can be switched off. | 
Since the emitter and base regions 
both have higher concentrations of carriers 
than the collector region, the reverse 
breakdown voltage of the emitter junction, 
V BR)EBo, is usually much lower than that of 
the collector junction. 


Maximum junction temperature and 
power dissipation 
We mentioned earlier that the collector 
reverse saturation current increases rapidly 
with temperature. If this temperature in- 
crease is excessive, the reverse saturation 
current becomes so high as to limit the tran- 
sistor’s use. This is because the collector 
reverse saturation current circulates inde- 
pendently of the device’s input conditions. 
_ The junction temperature limit is 

about 220 °C for silicon transistors. 

When a transistor is working, a cer- 


~ tain level of power is established in the 


collector junction which is equal to the 
product of the voltage across the junction 
and the current flowing through it. This 
power causes the generation of heat in the 
vicinity of the collector junction; the conse- 
quent temperature increase depends on 
the speed at which the heat can be 
dissipated through the transistor’s case to 
the air. 

The heat flow mainly depends on the 
thermal resistance of the materials used, 
i.e. how much the material resists heat 
flow. When a transistor is functioning, the 
collector junction temperature will increase 
until the heat generated by the electric 
power is equal to that dispersed by the 
junction. At this point thermal equilibrium 
is reached. Although there is an amount of 
power generated in the emitter junction, 
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this is generally low enough to be disre- 
garded. 

Materials with a low thermal resist- 
ance are described as good heat conduc- 
tors. In general, materials which are good 
heat conductors are also good electrical 
conductors, and vice versa. This is an 
important factor in transistor design, as 
electrical connections can be made to carry 
current and dissipate heat at the same 
time. 

_ The overall thermal resistance of a 
transistor mounted in a circuit is usually 
indicated as a ratio linking the increase in 
junction temperature to the surrounding air 
temperature, per unit of heat dissipated in 
the transistor. Using this information, and 
the maximum temperature level, the pow- 
er level at which the transistor can work at 
a given temperature can be determined. 
Subtracting the temperature of the sur- 
roundings from the maximum junction 
temperature gives the permissible temper- 
ature increase; dividing this amount by the 
transistor’s thermal resistance gives the 
permissible power level. 

_ For example, suppose that a silicon 
transistor has a maximum junction temper- 
ature of 200 °C and a thermal resistance of 
0-45 °C mW-". With an environmental 
temperature of 20 °C, the junction’s per- 
missible temperature increase is 180 °C 
(200 °C — 20 °C). The maximum power 
dissipation will be 180 divided by 0.45, 
giving 400 mW. If the environmental 
temperature was higher, say 100 °C, then 
the permissible increase would only be 100 
°C. The maximum power would then be 
100 divided by 0.45, i.e. 220 mW. Compo- 
nent manufacturers sometimes give all this 
information in the form of a curve, like that 
shown in figure 8. 

_ Transistors that are made for high 
power applications have a very low ther- 
mal resistance between the semiconductor 
element and the surface of the can. The 
can itself is usually connected to a cooling 
plate or fin, called a heat sink. This means 
that the surface area in contact with the 
surrounding air is increased, giving greater 
heat dissipation and an overall lower ther- 
mal resistance. | 

_ Similar temperature and power con- 
siderations also apply to rectifying diodes. 
These are reverse biased in the negative 





half-cycles and forward biased in the posi- 
tive half-cycles. Most of the power in these 
devices is produced during the positive 
half-cycles as a result of the higher levels of 
current. Because of this, the current limit 
rating of a rectifying diode is closely linked 
to the thermal resistance of the device. 


Transistor data sheets 
To decide which transistor to use for a 
specific application designers refer to the 
manufacturer’s data sheets. Like those 
already seen for diodes, these data sheets 
contain the principal characteristics of the 
device in table form. 

The values contained in these tables 
are calculated under precise operating 


8. Relationship between 
power dissipation and 
temperature. 





conditions, which are always specified. 
However, there are wide tolerances in 
these ratings, due to the manufacturing 
processes used. In spite of this, data sheets 
are a basic tool for all those involved in 
electronics, and we shall now look at the 


information that they supply. 


Figures 9 and 10 show the complete 
data sheet of a transistor in the 2N3250 
series. We shall look at the most important — 
information contained on this sheet, which 
is indicated by the numbers 1 — 7. 


1. Current gain 

This can be indicated in three different 
ways: hee, h;, and B . It is the best known 
transistor characteristic and indicates the 
number of times a transistor multiplies the 
input current to produce the output 
current. 
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9. Data sheet fora 


transistor in the 2N3250 
series. 





Signal 


eal aay 





As an example, suppose that a tran- 
sistor is connected in common emitter 
mode, and that an input to the base of 
1 mA produces an output of 100 mA from 
the collector. The current gain in this case 
is 100. The difference between herr and h,;, 
is that hes indicates the static amplification 
for direct current, and h;, shows the 
current gain for small AC signals: both of 
these are given in the data sheet. These 
factors are extremely variable, even for the 





same transistor, and must be given specify- 
ing Vcr, Ic and the working frequency. 


2. Noise figure (NF) 
Noise in an electrical circuit is an unwanted 
signal. The background hisses and crackles 
on radios are audible noise signals. Every 
electronic device produces noise to some 
extent, and it is generally caused by a 
turbulent and irregular flow of electrons. 

A transistor’s output current is slightly 
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irregular, and is not a perfect replica of the 
input current. The noise figure of a transis- 
tor gives an idea of how irregular and 
imperfect the working current is, and is 
measured in relative units of intensity 
known as decibels (dB). A decibel is a 
logarithm of the ratio of the output level to 
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10. Second half of data 
sheet shown in figure 9. 


the input level. A level of N dB is defined 
as: 


NdB = 10 logic (P5/P,) 


where P% is the output power level and P, 
is the input power level. 











Above: a differential 
amplifier. 





3. Maximum power dissipation 

This is the power wasted by conversion 
into heat, as we have seen (meastired in 
watts). Circuit designers need to know at 
what temperature a transistor will malfunc- 
tion or burn out. The maximum bearable 
level of collector current (I.) is also speci- 
fied, as exceeding this value will generate a 
destructively high temperature. 


4. Conductance 

Conductance is an indication of how easily 
current flows in the transistor when switch- 
ed full on (i.e. saturated or bottomed). 

A measure of a transistor’s input 
conductance is given by the base-emitter 
voltage Var, required to keep a specified 
collector current flowing. 

Similarly, a small collector-emitter 
voltage is needed to keep the collector 
current flowing when the transistor is 
saturated. This voltage is known as the 
collector-emitter saturation voltage, 


VE (sat): 


9. Leakage current 

This is an unwanted current which flows 
through the transistor when it should be 
non-conducting. The leakage currents for a 
transistor have to be known for the three 
different modes of connection — common 
base, common collector and common 
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emitter. Leakage currents are measured for 
data sheets with one terminal connected to 
a specific voltage, and are known as the 
the cut-off currents. The cut-off currents 
Icey and Ipry are usually given. The ‘V’ 
stands for the constant voltage applied to 
the third terminal. 


6. Breakdown voltage 


The breakdown voltage is the highest 


voltage a device can handle when it is 
switched off. If this limit is exceeded, the 
device breaks down and is destroyed. The 
voltage Vigr)cgo, for example, indicates 
the breakdown voltage of the collector 
base junction when the emitter is open. 
The data sheet in figure 9 also shows the 
collector emitter and the emitter base 
breakdown voltages. 


7. Operating speed 

This indicates the time taken for the 
transistor to switch on and off. This charac- 
teristic is specified with respect to the 
emitter collector working circuit, as it refers 
to the speed at which the working circuit 
responds to the variations in the control 
current. In the case of switching transistors, 
this is the time needed to switch the device 
on (usually from 10% up to 90% of the full 
voltage) or to switch it off (usually from 
90% down to 10% of the full voltage), 
referred to as the rise time and the fall 
time respectively. : 

Amplifying transistors, on the other 
hand, are given a frequency specification, 
rather than a switching specification. The 
most common characteristic being the 
transition frequency (f,). This is the 
highest frequency at which the transistor 
can usefully operate as an amplifier. Occa- 
sionally, neither switching times nor fre- 
quencies are given, however other speci- 
fications will indicate how the device will 
operate at frequencies defined in the test- 
ing conditions. 

There are a large number of standard 
semiconductor specifications (as well as 
many others which are non-standard). 
However, with the important characteris- 
tics covered in this chapter, you should be 
well equipped to understand any transis- 
tor’s specification and work out how it 
should perform in a circuit under any given 
set of operating conditions. 
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BASIC COMPUTER 


SCIENCE 


1. A hierarchical family 
tree of a file. 





Mass memory storage 


In Computer Science 6 we looked closely 
at how data is structured and represented 
within the central memory of a computer. 
We can continue the discussion by study- 
ing the different ways in which data 

structures are stored in auxiliary or mass 





memory media, such as magnetic tape 
and disk and magnetic drum. This type of 
physical memory medium is usually re- 
mote from the central processor memory. 
As in central memory, the physical 
organization of data within auxiliary mem- 
ory has no immediate correspondence 
with the way data is used by the computer. 
Between the physical representations of 
data in auxiliary memory and the user is an 
interface consisting of the programming 


language (e.g. BASIC, FORTRAN, Pas- 





cal) and the computer’s operating sys- 
tem. The operating system is a set of 
programs which control the computer an 
its resources. 

The higher the level of language an , 
the more powerful the operating system, 
the more simple and flexible it is for a 
computer user to store and retrieve data. = 





. 
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Often, with complex computers, the user 
may be totally ignorant regarding the exact 
whereabouts of the data. 


Organisation of data 

Sets of data stored in mass memory are 
called files. A single reel of magnetic tape 
could hold one or more computer files 
containing information that needs to be 
kept for a long time, for example, a list of 
company employees or sales figures for the 
tax year. Thegg files are logically sequ- 
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enced data structures and can be consi- 
dered either as tables or linear lists where 
each element is called a record. 

Each record may include many data 
items, called fields, which are not neces- 
sarily related to each other. Each field can 
be further subdivided into individual char- 
acters. A hierarchical family tree of a file 
can be drawn and one is shown in figure 1. 

When a file is structured as a table of 


<0 


records, each record must be given an 
identification key, so that the particular 
record required can be accessed. Usually, 
a particular field within the record is 
denoted the key field. For example, ina 
company employee file the key field of 
| each record could be the employee’s clock 

| number. Identifying key fields in a file not 
only assists in finding a particular record, 
but the records can also be sorted into a 
required sequence according to the key 
fields. 

3 Alternatively, a linear list of records 
which are in a sequence can be scanned 
sequentially until a desired record is found. 
Figure 2 shows two records which are 
divided into fields; maximum character 

. lengths of each field are indicated. In the 
examples shown, the upper record (figure 
2a) is that of acompany employee; the 
lower record (figure 2b) contains informa- 
tion relating to a customer. An ¢xample of 

eee a data record comprising seven fields is 
shown in figure 3 (the maximum number 
of characters allowed in each field is also 













shown). A graphical representation of a = 
field is shown in figure 4 — this illustrates 
how physical records are combined to 
form a logical record. As you can see, 
each field holds data relating to one 
particular aspect of the record. 
In the examples shown, each field 

and therefore each record) is of a fixed 
maximum size, which automatically limits 
the amount of information that can be 


2. Examples of two 


records divided into 
fields. 
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3. Example of a record 
comprising 7 fields. 
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stored. These are known as fixed length 
records. However, in the majority of 
applications, particularly commercial, vari- 
able length records prove more useful. 
Considerable storage space can be wasted 
in a fixed length record system if every field 
is not fully utilised, so although variable 
length records pose more problems for the 
user they are often preferred. (The first 
field within each variable record is often 
used to indicate the record’s length. ) 


Structuring data 
Auxiliary memory handles data in block 








a 
4. Graphical 
representation of a field 
illustrating how phvsical 
records are combined to 
form a logical record. 
Each field holds data 
relating to one particular 
aspect of the record. 
5. Logical records ona 
floppy disk. 
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form whereas the computer handles and 
stores data in its central memory in bytes. 


The length of these physical blocks varies 
according to the type of auxiliary memory 


used. This presents a problem — how to 


interface the byte-by-byte data structures 


of the computer to the block-by-block 
storage methods of the different auxiliary 
memories. 


Physical transfer of data between the 
computer and the auxiliary memory gener- 
ally occurs in a byte-by-byte manner, each 
byte being temporarily stored in the buffer 


registers — these are byte-length stores, 
one in the computer, one in the auxiliary 
memory. Transfer of bytes can be either 


serial (i.e one bit at a time), or parallel (i.e. 


many bits at once) depending on the 


design of the hardware. Both buffers are © 


controlled by the computer software. 


The way data is written into, or read 


from, each buffer is dependent upon the 


programming language and operating sys- 


tem used. For example, a high level 
language used in conjunction with a 


powerful operating system ensures that the 


user need not be concerned with the 
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physical control of the data blocks — the 
system itself does all the work. Most fourth 
generation computers, including home 
computers, are of this type. However, in 
certain computers it is sometimes neces- 
sary to define the physical aspects of the 
data to maintain efficient transfer to and 
from the auxiliary memory. 

In all cases, layout of each file, and its 
records and fields, is an important part of 
the program. Characteristics of each file, 
such as field length, record length, number 
and name of each record etc. must be 
defined by the controlling program either 
in a fixed or variable way. This keeps the 
relationship between files, records and 
fields very clear. 

Figure 5 shows such a relationship in 
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a floppy disk file. Each sector of the disk 
contains 256 bytes. The file contains more 
bytes than this, so will bridge over sectors. 
Sectors 6 and 7 of track 5 of the disk are 
shown. 

Each record within the file is of 70 
bytes, divided into two fields: one being 20 

ytes long; the other is 50 bytes. Three 
complete records of the file can be stored 
in sector 6 (210 bytes), plus 46 bytes of the 
fourth record. The remaining 24 bytes of 
the fourth record are stored in sector 7. 
After this, the fifth record is stored and so 
on. 

Often, the inherent aspects of the 
storage medium, such as access times, will 
influence and define the type of file stored, 
and how the files should be organised. 


Above: the computer as 
a professional tool. f 
(Photo: Honeywell). 
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Files on mag netic ta pe great deal of tape. Another writing method, 
however, groups records together into 
Masnetic tapes can only record data files blocks. Each block of records must then | 
serially and are therefore known as serial have an inter-block gap (IBG) to allow for 7 
storage media. Because of this they can the tape stopping and starting (see figure | 
| _ be seen as linear lists and can be processed 6b). This method reduces the amount of 
and stored as such. : wasted tape and also the data transfer - 
Records are written, i.e. recorded time. ] 


onto the tape, by the computer. One | : 
method separates each record withagap __ File organisation on tape 


in which nothing is recorded. This inter- Records can be written onto tape to form | 
record gap (IRG) allows the tape mechan- __ files in two distinct ways: a serial file in | 
ism to slow down and stop after one which records are written without any 
record, and then start ready for the next relationship existing between them; or a 

see figure 6a). sequential file where records are written in | 


Obviously, the use of IRGs wastes a a set sequence, according to key fields. 


6. A collection of 
records on magnetic 
tape showing (a) inter- 
record gaps; (b) inter- 
block gaps. 
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7. Format of a single 
volume file with header 
and trailer labels. 
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In both cases, however, the moment 
when the physical block of data is written 
onto tape does not interest the computer 
user. The user controls the records within 
the program, inserting and removing data 
while the record is held in the computer. 
But when the program is run, all records 
are written onto tape. 

A tape file can occupy more than one 
reel of tape in which case it is called a 
-multi-volume file. Alternatively, a single 
tape might contain several files. In either 
situation, each file needs indentifying (i.e. 
file volume, name, beginning of records, 
end etc.) by means of a label. Figure 7 
illustrates the possible format of a single- 
volume file with labels. The header label, 
which identifies the file to the computer, 
contains information such as name and the 
date the file was written etc; the trailer 
label, at the end of the file, contains a 
count of the number of records on file and 
the reel number where necessary. 

Updating magnetic tape files is quite a 
complex procedure because the updated 
data cannot be written back onto tape in 
the same place that it was read from. The 
complete file is therefore read and held in 
central memory where it can be modified. 
The updated file is then rewritten onto 
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Magnetic disk files 


Disk data storage provides a good example 
of a direct access (sometimes known as 
random access) medium because files can 
be accessed in a non-serial manner. So, it 
doesn’t matter in what order the files are 
written onto the disk, access is made 
rapidly. If you compare this to the serial 
access of magnetic tape then the advan- 
tage in terms of reduced access time 
becomes clear. 

If records are to be recorded as a 
variable length block (similar to those used 





with magnetic tape) an index pointer is 


recorded which indicates the physical start 
of the track. A description of what is 
actually recorded on the track must then 
follow, allowing the individual data blocks 
in the track to be pin-pointed when re- 
quired. In turn, the first record of each data 
block contains information which indexes 
the separate records in the block. Figure 8a 
shows the possible format of a disk track 
and figure 8b is that of a block of data. 

Alternatively, a fixed length block of 
data can take up a whole sector of the disk 
and the records are organised within the 
sector. One or two fields are used in this 
case to index the sector. 
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8. Magnetic disk 
storage showing (a) 
track format; (b) block 
format. 
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Above: magnetic disk 
units from a mini- 
computer. (Photo 
Honeywell). 


erial disk organisation 

here are four basic ways in which files on 

isk can be organised. The serial method 
is similar to that used with magnetic tape; 
where records within each file are written 
one after the other. The records are 
generally unsorted, i.e. in no specific 
order. When accessing serial files it is 
necessary to read the whole file, record by 
record, until the required one is found. 


Modifications can be made to the 
data on the disk and information in fields 
can be updated or erased. However, it 
must be remembered that each field, once 
recorded, has a fixed number of character 
spaces and modifications must not increase 
the field length. Likewise, erasure of a field 
must be indicated by a specific field. It is 
also sometimes possible to add new 
records at the end of a file. 

A complete block of logical records 


and, in fact, a complete file can be 
modified and rewritten onto the disk in the 
same place. But the computer software 
must have knowledge of the exact position 
on the disk and lenath of data to be 
rewritten. 

- Itis obvious that serial file organ- 
isation does not make particularly 
efficient use of either computer time or dis 
space. 
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Sequential disk file 

The sequential method of disk storage 
allows records to be written as a defined 
sequence. However, the records do not 
need to be stored in physical sequence, 
because the first field of every record 
contains not only a key to what informa- 
tion is held in the record, but also a pointer 
which indicates which record is next. Such 
a method of data storage is known as a 
linked list of data items and a possible 
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format is shown in figure 9. 

Existence of this pointer means that 
modifications can be easily made to the file 
because, as figure 10 shows, it is a simple 
matter to alter the address indicated by the 
pointer to the modified or new address. 
Figure 10a shows how a record can be 
added to a sequential file and figure 10b 
shows how a record can be deleted. 
However, a new record does require 
storage area on the disk so the disk must 
not be full for this sort of modification to 
occur. Similarly, record deletion leaves an 
unused space on the disk, which can be 
re-used to store a new record. 

To overcome these problems, some 
computer systems automatically create a 
special file on the disk known as a space 
list which indicates the empty or unused 
spaces on the disk. This list itself is control- 
led in a FILO (first in, last out) structure so 
that whenever a record is to be added toa 
file, the space it is to be recorded in is taken 
from the top of the list. The list is then 
updated so that the next available space 
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becomes top of the list, as shown in figure 
11 where the record with the key B is to be 
added to the data block, between records 
A and C. First, the space list indicator is 
changed to point to the second free record 
in the space list, S2. Then the pointer of 
record A in the data block is changed to 
indicate S1 (i.e. record B). Finally, the 
pointer of S1 (or B) is changed to indicate 
record C. 

When a record is to be deleted from a 
file it is automatically returned to the top of 
the space list. Thus, records at the top of 





9. Possible format for a 
linked list of data items. 


10. (a) Record addition 


and (b) record deletion 
using the pointer. 
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11. The space list is a 

| special file on disk which 
indicates the empty or 
unused spaces, thereby 
saving disk space. 
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the list will be more likely to be used than example of how the linked lists of data 
those at the bottom. This is shown in figure items in a sequential disk file can be used 
12, where record B is to be cancelled from to dynamically assign disk space when 
the data block. First, the pointer of record adding or deleting records. Suppose that 


A is changed to indicate C. Next, the the file contains the list of the members of a 
indicator of the space list is changed to club, listed alphabetically by surname as in 
| point to the record to be deleted (i.e. B), figure 13. The record for Mr. Jones can be 
| and finally the pointer of record B is added easily by giving him a record taken i 
changed to point to the top of the space from the space list and updating the 
list, S1. pointers to retain alphabetical order. Ifa 
| Now, we can look at a practical member resigns and his name is to be 





| 12. Record B is to be 
deleted from the data 

| block and is automatic- 

| ally returned to the top of 

the space list. 
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cancelled, the sector which wasassignedto {43 -  —————C—C—C—Cr—C—C“ CL 
hold his details is returned to the space list _ ~—eEeUmOEN 
and pointers updated. 

| When a record is added, it is conve- SS _»  —rC 
__ nient to use a sector on the same track of , ke — eo 
that file into which it is to be inserted. If - wees rt—“CiCztCCr 

another track was used, the disk reading 

head will have to move thereby increasing 
access times considerably. To minimise the 
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13. The record for Mr 
Jones is added by giving 
him a record taken from 
the space list and 
updating the pointers to 
retain alphabetical order. 


14. Index sequential file 
where records are 
alphabetically sequenced 
according to the keys. 
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Right: example of a 
terminal being used for 
financial applications. 
(Photo: Tektronix). 


Indexed sequential files 
In the indexed sequential method of disk 
storage, records are stored in a sequence 
identical to that of the ordinary sequential 
method, but an index is automatically 
written onto the disk. The index contains 
references to data stored on the disk 
allowing rapid access to particular records. 
So, files can be accessed in one of 
two wavs: either sequentially, with the use 
of one or more space lists; or in a more 
rapid way, using the index associated with 


each file for reference then going to the 
data record. 

The ideal index is obviously one 
which supplies the exact address of the 
record sought, so that the record can then 
be read, in a single reading. However, an 
index containing all the information to do 
this would take up a great deal of valuable 
space. To simplify this problem the file can 
be organised with more than one index, in 
cascade. 

Figure 14 is an example of a system 
whose records are alphabetically sequ- 
enced according to the keys. The first 


index is simply a list of the 26 letters of the 
alphabet, each letter referenced to the disk 
space where keys beginning with that letter 
are stored. A second index is then similarly 
used (for the second letter of the key) to 
find the area of disk in which the keys with 
chosen first and second letters are stored, 
and so on. | 

Index tables, perhaps at several 
levels, are stored on the disk as ordinary 
sequential files. When the system is in use 
the tables are read into central memory 





and the computer software then uses them 
automatically when accessing the disk. 


Randomly organised disk files 
In the random method there is no direct 
relationship between logical and physical 
records. The physical storage address is 
determined by applying an algorithm to 
the record key. | 

Particular records can be accessed at 
a later date simply by applying the same 
algorithm and generating its actual 
address. 

You will be able to appreciate that it is 
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very important to carefully choose file feature of a good auxiliary store is that files 
organisational and file handling methodsin are easily updated, corrected or erased — 
auxiliary memory equipment. The best preferably without the need to rewrite the 
way is usually that which allows fastest whole file. 

access to the desired record, with the However, faster access times and 
fewest intermediate readings, and with the — ease of modification of files are normally 
least wasted space. Also, an important only gained with a subsequent higher cost. 








374 


























1, Lines of flux flowing 
through (a) an iron core 
and an air gap; (b) the 


core of a transformer. 


2. Lines of flux flowing 
through a single type of 
material in a toroid. 


ELECTRICAL TECHNOLOGY 


The magnetic circuit 


e now know that when a magnetic field 

acts on ferromagnetic material, the 
resulting magnetic flux is proportional to the 
field strength. This is also the case for magnetic 
systems that do not include ferromagnetics, 
and it will be useful to calculate the magnitude 
of the flux in a system which may be made of a 
variety of materials. 

Figure 1a shows a magnetic system 
where the lines of flux flow through an iron 
core and an air gap. The permeabilities of air 
and iron are very different, however, the lines 
of flux are continuous, therefore the total 


Wrought iron ring 









magnetic flux of the iron must be the same as 
that of the air gap. 

In figure 1b, which could represent the 
core of a transformer, the lines of flux in the 
central limb of the core, divide and pass around 
the two side limbs before meeting again. There 
can be no break in the lines of flux and lines 
cannot merge, so the sum of the fluxes in the 
outer limbs must be equal to the total flux in the 
centre. Figure 2, on the other hand, illustrates a 
simple magnetic system where the flux flows 
through a single type of material. We need to 
develop a method of analysis that is applicable 





to all these different systems. 
Magnetic systems are more correctly 
called magnetic circuits because of their 
similarity to electrical circuits. In an electric 
circuit, the electromotive force drives current 


through various paths, each of which have 


different properties — indicated by their 
resistance. In a magnetic circuit, the 
magnetomotive force (which is responsible for 
establishing the magnetizing field strength) 
drives a magnetic flux through a number of 
paths made up of various magnetic materials. 
The property of magnetic material that is 
analogous to electrical resistance is called 
reluctance. 


Reluctance 

To recap the main points of the chapter dealing 
with ferromagnetic materials, we know that flux 
density (B) and field strength (H) are related as 

follows: 


B= pe X fio * 
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magnetomotive force (M) and magnetic field 
strength (H) are related by: 


M.= 4x1 


and flux density (B) and the total flux, ®, 
across an area, A, are related by: 


@ = BxA 
Combining these three equations gives: 

M = pee x | 

He % Iho 
| 
Be Sak Daas 

which can be simplified to: 

M=Sx@® 


where S is the reluctance of the magnetic 
circuit. From the earlier equation we can see 
that: 


S = 7 


Mr X bo XA 


So the reluctance of a magnetic circuit is 


defined as the ratio of the magnetomotive force 
to the total flux. Since the magnetomotive force 
(M) is measured in ampere-turns and flux (@) in 


webers, the unit of reluctance is At Wb7?. 

We can now examine some simple 
magnetic circuits. First of all a simple wrought 
iron ring, like the one in figure 2. This has a 
mean diameter of 10 cm and a cross-sectional 
area of 1.5 cm*. Suppose there are 120 turns 
of wire around the ring, to find the current that 
would give a flux density of 0.6 T: 


m= BxA 
and since B = 0.6T: 
@M= 0.6x1.5x 104 
= 0.9x10°*Wb. 
The mean circumference of the toroid: 
= xl im 
= U.3o14m 


Using the table of flux and permeability given 
in the last chapter, we find that atB = 0.6 T, 
the relative permeability (4,) of wrought iron is 
2810. The permeability of a vacuum (2,) is of 
course 1.257 x 10°° Hm. 

Using this data we can calculate the 
reluctance (S) of the magnetic circuit: 


314 
S 0.3 


= 593 x 10° AtWb7’ 


The magnetomotive force: 


M = 593 x 10°x0.9x 1074 
= 53 At 


AsM=N xX |, we find the current needed to 
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T Osi © 1257 << 107° x 15 x10 


Give a flux density of 0.6 T: 
ne 
120 
= 044A 


Reluctances in series 

If two reluctances, S; and Sz, are connected in 
series, they can be added in the same way as 
resistances to give a total reluctance S, where: 


= $1, + So 


We can see how this works in practice by 
looking at the magnetic circuit shown in figure 
3. Here, the wrought iron toroid in figure 2 has 
a gap of 0.1 mm. The dimensions of the toroid, 


3 


Wrought iron ring 





the number of turns of wire and the flux density 
needed remain the same. 

As the narrow gap will hardly affect the 
length of the average circumference, the 
reluctance of the iron (S;,.,,) will still be 593 x 
10° At Wb~?. The reluctance of the air gap is 
given by: 


rx tr 
er . “ : 


= 1-057 x 1G os 1B x 10" 


530 x 10° At Wb"? 
The total reluctance, S, is given by: 


©) = oro + oir 
= 593 x 10° + 530 x 10° 
= 1123 x 10°AtWb7! 


For a flux of 0.9 x 10747 Wb, the 
magnetomotive force is given by: 
M=H x 1 
= 1123 10. OS x tie: 


3. A wrought iron toroid 
with a gap of 0.1 mm. 


_— 


Right: inside the 
transformer limbs which 
hold the Torus at JET 
(Joint European Torus), 
the EEC’s joint under- 
taking at Culham, U.K. 
This photograph was 
taken during 
construction. When 
complete, scientists hope 
to prove that laboratory 
controlled fusion 
reactions (like those 
producing energy in the 
sun) are possible. 
Magnetic fields are used 
to contain and compress 
plasma (gas heated to 
very high temperatures) 
as no material is yet able 
do so. 





= 101.1At 


The current required through the 120 turns 
therefore be found by: 


j= 
N 


OT1 


120 


= 0.84A 


Reluctances in parallel 
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Reluctances can also be combined in parallel, 


again, in the same way as resistances. The 


combined reluctance, S of two reluctances, S, 


and Ss, connected in parallel is given by: 
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Consider the magnetic circuit in figure 1b, it is 
operating at a flux density of 0.6 T, witha 
relative permeability of 2810. The mean length | 
of each of the two outer limbs, including the 

top and bottom sections, is 25 cm. We find that 
the reluctance of the left hand limb, Sj, is given 


by: 
a 0.25 
ms “ORO ® 125 x 10-° * 1-2 x 10-* 


= 590 x 10° At Wb71 
The reluctance of the right hand limb, Sz, will 


be exactly the same, so the total reluctance of 
these two parallel branches can be found: 


‘ix. ta copieeais l 
S~ 590x 10° * 590 ~x 10° 


— ve ——————— 
590 x 10° 
ThereforeS = 295 x 10° Oo 
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DIGITAL ELECTRONICS 


Digital vs analogue 





We have seen that any digital system 
follows a basic pattern, known as the 
Universal Systems Organisation, in which 
external forms of information are sensed, a 
decision is made, and finally an action is 
taken. The decision may often be made 
with reference to a memory. Figure 33 of 
Digital Electronics 1 summarised this kind 
of organisation in a digital system, using a 
calculator as an example. 

Let’s now evaluate the nature of the 
digital approach to building systems, its 
advantages and disadvantages, by com- 
paring it to the only other approach — 
analogue. 


What is an analogue system? 

Figure 1 shows the Universal Systems 
Organisation idea applied to analogue 
systems. It is similar to that of a digital 
system with one important difference — the 
information is in analogue form. (In com- 


parison with digital systems where informa- 


tion is in digital form. ) 
Digital information is made up of 


separate parts or bits, represented in, say, a 


computer by different voltage levels which 
in turn represent only two logic levels, 1 
and 0. Analogue information, on the other 
hand, comprises a continuous (or analo- 
gous) representation of the original in- 
formation. Such systems are often termed 
linear. 

To represent the analogous or linear 
information in an electrical or electronic 
system, some property of electricity, such 
as voltage or current, must be carefully 
controlled so as to be an exact copy or 
model of the original information. An 
example of an analogue system forming 
the basis of car petrol gauges or fuel level 
meters is shown in figure 2. 

A float on a vertically moving, swing- 
ing arm in the petrol tank adjusts a 
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Comparing 
and analogue systems 


variable resistor so that the resistance is 
directly proportional to the level of petrol: 
when the tank is full, the variable resistance 
is low; when the tank is empty, the 
resistance is high. 

Because the variable resistor is con- 
nected to the car battery via the swinging 
arm, a variable current flows in the wire to 
the instrument panel (remember Ohm’s 
law: I = V/R). For example, 1 mA of 
current might mean empty and 9 mA 
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might mean full (current levels in between 
would represent petrol levels from empty 
to full). At the instrument panel, the pointer 
needle of the current meter (ammeter) 
indicates petrol level as it moves between 
the two extremes of measured current. 

Note that the current, in this example, 
is not switched on and off as in a digital 
system, but flows all the time the car 
ignition is on, and varies over the range 1 
to 9 mA depending on the petrol level. The 
pointer in the meter thus copies the 
movement of the float over its full range. 
The electric current has therefore carried 
information from one place to another in 
an analogue fashion. 

This example can be seen to follow 
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1. The Universal 
Systems Organisation 
idea applied to 
analogue systems. 
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Right: A digital panel 


from the dashboard of a 


car — these are rapidly 
replacing the classical 
analogue instruments of 
rev. counter, speed- 
ometer, fuel quage etc. 
(Photo: Veglia Borletti). 


2. An analogue system 
forming the basis of a 
petrol gauge. The graph 
illustrates the special 
feature of analogue 
systems — that of varying 
smoothly over a range. 
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the Universal Systems Organisation 
approach in that information has been 
sensed (by the float on the swinging arm), 
decided upon (by the variable resistor) and 
finally acted upon (by the ammeter). 


The parts of the analogue system 
Should you be unfamiliar with the parts of 
the system described in figure 2 we ought 
to describe how they work. The variable 
resistor would typically be a piece of 


carbon formed into a circular shape and 
touched by a moveable contact. Sliding 
this contact around the carbon shortens or 
lengthens the path travelled by the electric 
current. 

A second resistor (of a fixed value) 
between the variable resistor and the car 
battery limits the current in the circuit to 
within the meter’s range (i.e. up to 9 mA). 

The ground symbols at the battery 
and meter indicate that these two points 
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are connected through a common path — 
in this case the car’s metal chassis — 
considered to be at 0 V. A complete circuit, 
needed to allow a flow of current, is thus 
provided. 

Finally, the ammeter acts as a tiny 
electric motor — the rotor being prevented 
from turning very far by a spring. The 
greater the current, the stronger the 
magnetic field produced in the rotating 
coil, and the more strongly the NandS 
poles of the coil and the permanent 
magnet interact to turn the coil. (Remem- 
ber, like poles repel, unlike poles attract. 
The pointer is attached to the coil, so the 
greater the current through the meter the 
further up the scale the pointer points. 


Is this analogue circuit linear? 

This feature of analogue systems — to vary 
smoothly over a range (shown by the 
graph in figure 2) — illustrates how the term 
linear is derived. The circuit output (the 
pointer position, or current value in mA 
varies with the input petrol rather than 
being switched, so the graph is a smooth 
line, with no sudden jumps. (Don’t confuse 
this with the other meaning of linear, i.e. a 
straight line. 


A telephone system 

The car petrol gauge is a model showing 
how a controllable property of electricity, 
current, can be used as an analogue, or 
direct representation of the information we 
wish to transmit. A telephone system works 
in essentially the same way, the main — 
difference being the speed of operation. 
The response of the ammeter to a change 
in petrol level needs to be very slow to 
prevent transient level variations (due to, 
say, movement of the car) showing up as 
rapid changes in pointer position. Ifa 
telephone is to transmit some analogue of 
the human voice then its response needs to 
be as fast as vocal variations which range 
from a frequency of 50 Hz (50 times a 
second) to about 6 kHz. The telephone 
response therefore needs to very fast so 
that an analogue of these variations can be 
transmitted. 

Figure 3 illustrates a simple telephone 
system, consisting of one mouthpiece and 
one earpiece. Current flows through the 
mouthpiece, to the earpiece and back to 


380 


the power supply through the ground 
connections. As in the petrol gauge system, 
the amount of current flowing around the 
circuit is determined by the resistance in 
the circuit. 

The mouthpiece contains a mic- 
rophone element — a capsule filled with 
powdered carbon which acts as a variable 
resistor. Resistance of the element falls 
when the powdered carbon is squeezed by 
air pressure, allowing more current to flow 
through the circuit. This type of mic- 
rophone is known as a carbon granule 
microphone. 

Speaking varies the air pressure in 
front of the mouth. These rapid air press- 
ure variations (50 Hz to 6 kHz) form the 





waves which the ear detects as sound. So 
when the sound wave air pressure varia- 
tions fall on the microphone, the resistance 
varies at the same speed, thus creating a 
rapid variation of current in the mic- 
rophone output wire. This is, of course, the 
analogue representation of sound waves 
the telephone system needs. 

At the earpiece, this varying current 
passes through the coil of a fixed electro- 
magnet creating similar rapid variations of 
magnetic force. This force attracts a springy 
metal diaphragm in direct proportion to the 
rapid current variations. Finally, the move- 
ments of the diaphragm (pushing and 
pulling the air in front of it) reconstructs a 
more or less accurate copy of the original 
sound waves, which have been transmitted 
in an analogue form over the telephone 
system. The ear detects the varying air 





3. A simple telephone 
system. Current flows 
through the mouthpiece, 
to the earpiece and back 
to the power supply 
through the ground 
connections. 
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4. An AM radio 
transmitter which 
transmits sound waves 

by using high frequency 
radio waves. The 
transmitter modulates the 
amplitude of the radio 
waves in a pattern which 
directly represents the 
sound waves. 


Below: an example of 
tripole relays used for 
thermal protection. 
(Photo: Telemecanique). 
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pressure of the sound waves and hears the 
sound. 


The difference between current and 
voltage analogues 

Although the two examples of analogue 
systems discussed so far have utilised the 
control of current as the analogous in- 
formation method, voltage is often used in 
other systems. However, the two methods 
are so similar in concept that the difference 
is of no real concern. Current is simply the 
amount or volume of electricity which 
flows, while voltage is the pressure of 
electricity — the force that moves the 
current. 


Another analogue system 

An analogue system need not only use the 
simple electrical characteristic of voltage or 
current as the controlled method of in- 
formation transmission. It is possible to 
transmit the information in more complex 
methods such as the one shown in figure 4. 
The system is an AM radio transmitter, of 
the kind used in radio broadcasts. AM is an 
abbreviation of amplitude modulation, 
which is one of the more advanced forms 
of analogue information. 

This technique transmits sound 
waves (the frequencies of which are low, 
from say 20 Hz to 15 kHz) by using radio 
waves of a relatively high frequency — the 





example radio frequency is 1 MHz. The 


transmitter simply modulates, i.e. varies, 
the amplitude, i.e. height, of the radio 
waves in a pattern which directly repre- 
sents the sound waves. 

To transmit sound waves by radio the 
system uses an oscillator to generate a 1 
MHz electrical wave at a constant ampli- 
tude — the voltage of the wave goes up and 
down smoothly a million times a second, 
the same amount each time. A special 
circuit known as a modulator then acts as 
a variable gain amplifier of these waves. 
Amplification is a process whereby the 
input voltage is multiplied by a certain 
factor, producing taller and stronger vol- 
tages at the output. The symbol used, i.e. a 
triangle, is the standard block symbol used 
to denote an amplifier. 
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Now, the gain of the amplifier — the 
factor by which it multiplies the input — is 
controlled by the voltage signal from the 
microphone which is, of course, the vol- 
tage analogue of the sound waves striking 
the microphone. So, the effect of the 
microphone signal is as though a volume 
control knob on the amplifier had been 
turned up and down, thus modulating the 
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amplitude of the 1 MHz output waves. 
On reaching the aerial, each electric 
wave generates a radio wave. The radio 
waves, which propogate through air, are 
thus amplitude modulated with the sound 
waves picked up by the microphone. 


Analogue frequency modulation 
Another variation of the analogue techni- 





Below: a new digital 
telephone exchange. 
These are replacing the 
old mechanical analogue 
exchanges. 
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que, similar to amplitude modulation, is 
frequency modulation (FM) which is the 
basis for certain kinds of high quality radio 
communications, including TV sound. 

As shown in figure 5, frequency 
modulated electric waves are produced by 
controlling the frequency at which an 
oscillator varies its output voltage. If these 
waves are sent to an aerial, corresponding 
FM radio waves are generated. 

FM signals are used in high quality 
broadcast systems because they are less 
prone to interference by noise than AM 
signals. (This is because noise mainly 
affects the signal amplitude.) However, FM 
signals present problems for generation 
and reception. 


Universal systems 
As a reminder of what we’ve learned so far 





5. Frequency 
modulated electric 
waves are produced by 
controlling the frequency 
at which an oscillator 
varies its output voltage. 
When these waves are 
sent to an aerial, FM 
radio waves are 
generated. 


6. How the analogue 
systems studied so far 
fit the Universal 
Systems Organisation. 





7. Analogue 
information can be 
stored in a capacitor — 
this method relies on the 
storage of electric charge. 
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about analogue systems let’s consider how 
they fit the Universal Systems Organisation 
as shown in figure 6. 

The variable resistor, mouthpiece, 
and microphone sense external informa- 
tion and convert it into an analogue form 
by varying current or voltage. Similarly, the 
meter, earpiece, and aerial act to convert 
varying electricity into meter indications, 
sound waves and radio waves. But what 
about the decide and store functions in 
analogue systems? 


Analogue information storage 
Let’s consider storage first. Analogue sig- 
nals can be stored for a very short, fixed 
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lenath of time by delaying the signal. This 
method involves routing the signal around 
a special path, called a delay line, through 
which the signal travels more slowly than it 
would through an ordinary wire. Delay 
lines can only store a small amount of 
information at a time, and then only for 
short periods (usually less than a second). 
Analogue information can be stored 
for longer periods using a capacitor — 
relying on the storage of electric charge ata 
certain voltage level. For an example of 
how this works, an automatic gas analyser 
is shown in figure 7. This kind of system 
might be found in a chemical plant. 
(continued in part 13) 


Above: designing a 
printed circuit board 
using a graphics tablet 
and pen. 
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TEST YOUR PROGRESS - 
with the. | 


SOLID STATE ELECTRONICS — 12 


1. The significance of minus signs on certain specification 

vane in data sheets (such as Vcg = —1 V and Ic = —10 mA) 

Is¢ 

a These specifications are in 
terms of electron current which 
is negative 

b All p-n-p specifications are 
negative, while all n-p-n 
specifications are positive 

c If the specification is a current, terminal indicated by the 
such as lc, a negative value second subscript (here, the 
means the current is flowing emitter) 
out of the particular terminal at 
which the measurement is 
made — in this case, the 
collector 


such as Vcr, the minus signs 
means the voltage at the 
terminal indicated by the first 


lower than the voltage at the 


the sign indicates direction: 
positive in, negative out — and 
positive higher, negative 
lower) 


2. The transition frequency of a device indicates the highest 
frequency at which a transistor can usefully operate as an 
amplifier. 

True or False? 


3. Some of the main transistor specifications are subdivided 
into separate specifications for: 


a The control circuit (emitter 
base junction), the working 
circuit (emitter collector path) 
and the base collector junction 

b Switching and regulating 


c Information and work 
d Current and voltage 


4. When a transistor is connected in common base mode it 
will have an extremely low input resistance and an extreme- 
ly high output resistance. 


True.or False? 


5. Which one of the semiconductor specifications describes 

how easily a device passes current (how much voltage 

difference is required to cause.a certain current to flow) ¢. 

a Absolute maximum power 
dissipation 

b Conductance 


c Leakage current 

d Breakdown voltage 

e Operating speed 

6. The common base collector breakdown voltage is called 
V(BR)CBO: 

True or False? 


7. The hee or B of a transistor is: 


a The noise figure 

b The current gain 

c The ratio of output signal 
current to input signal current 


d The degree of current 
amplification of the transistor 
e All but a above 


8. By applying a reverse voltage to the emitter eee 
of a transistor, the collector current can be switched 


True or False? 


unction 
ull on. 


d If the specification is a voltage, 


subscript (here, the collector) is 


e cand d above. (In other words, 
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COMPUTER SCIENCE — 7 


1. A multi-volume file is one in which: 


a More than 1 file is stored on c More than 1 reel is used to 
one reel or disk store one disk 

b More than 1 record is stored in dMorethan 1 reel or disk is 
one file used to store one file 


2. Updating magnetic tape files can be a lengthy procedure 


because? 


a The complete file has to be c On replay the tape runs at only 
read, modified, then rewritten half its original speed 

b Each record within the filehas d None of the above 
to be read, re-sequenced, then 
rewritten 


3. Magnetic disk file storage: 


a Is a direct access medium 

b Is a random access medium 

c Has a faster access time than 
magnetic tape 


d All of the above 
e None of the above 


4.|n the indexed sequential method of magnetic disk file 

organisation: 

a Records are written in 
sequence 

b Files are written in sequence 


c Fields are written in sequence 
d None of the above 


5. The access time for a magnetic disk memory is slower 
than a magnetic tape memory because: | 
a Disks spin faster than tape c Records can be accessed ina 
spools : non-serial way 

b Disks have no inter-recor d aandc above 

gaps 


6. A variable length record can save storage medium space 
compared with a fixed-length record. : 


True or False? 


7. \nter-record gaps or inter-block gaps are used on 

magnetic tape files: 

a Toallow the computer timeto ¢ To prevent information from 
finish reading one record (or one record running over into 
block) before it reads the next the following record 

b Toallowthetape mechanism d All of the above 
time to stop after one record 
(or block) and start before the 
next 


8. A pointer is used within records of a magnetic disk file to 


create a linked list. 
True or False? 


Answers for last week’s quiz 
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la 3c 
2 True 4c 



















Continuing our discussion of the digital vs 
analogue approach to building systems, Digital 
Electronics 9 compares the advantages and 
limitations of both. 


Digital Electronics 10 takes us through the 
various stages in the manufacture of an 
integrated circuit. 


What is a load line, an operating point or 
quiescent current? Solid State 12 explains 
these terms in a discussion on how 
transistors are used in simple amplitying 
circuits. 





PLUS: Basic Theory Refresher —looking 
at the mechanical effects of a current. 











